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METHOD OF DETECTING METICILLIN-RESISTANT MICROORGANISMS 

The invention relates to a novel gelled medium for 
detecting meticillin-resistant microorganisms, 

containing an antibiotic chosen from the cephalosporin 
group, in particular second or third generation 
cephalosporins, and a chromogenic agent bearing . a 
chromophore that is released after hydrolysis with an 
enzyme that is active in said microorganisms. 



The systematic detection of meticillin (also written 
methicillin) resistant Staphylococcus aureus (MRSA) is 
important . 

15 In fact, although MRSAs do not appear to be more 
virulent • than MSSAs (meticillin-sensitive 

Staphylococcus aureus), infections therewith are more 
difficult and expensive to treat. This is due to the 
fact that the meticillin resistance confers resistance 

20 to all the beta-lactams and that this resistance is 
very often associated with resistances to many other 
major anti-Staphylococcal antibiotics (Lyon and Skurry, 
Microbiol. Rev. 51; 88-134). 

25 Meticillin-supplemented agar growth media have 
sometimes been used for this detection. This method is 
now often abandoned since it detects certain MRSA 
strains poorly, in particular heterogeneous strains in 
which bacterial populations contain a very low 

30 proportion of bacteria absolutely resistant to 
meticillin (in which one bacterium out of 10 4 or 10 8 
expresses the resistance) . This method gives a high 
number of false-negative results. 

35 The use of agar growth media supplemented with 
oxacillin is common but, as with meticillin, certain 
strains are difficult to detect. 
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In addition, in order for. these antibiotics 
(meticillin, oxacillin) to function more or less 
effectively as . selective supplements, only certain 
growth media can be used. Consequently, the media 
5 proposed to the user are, for example, derivatives of 
Muller Hinton Agar or of Mannitol Salt Agar. 
Unfortunately, for the user, these - media are often 
relatively non-discriminating. for the S. aureus 
species, which further decreases the sensitivity and 
10 the specificity. 

Agar - growth media supplemented with tobramycin or 
ofloxacin have been proposed, either in relatively non- 
discriminating bases (derived from Mannitol salt Agar, 
15 for example)- or in the very discriminating CHROMagar 
Staph aureus base, but the correlation with meticillin 
resistance is mediocre, hence an excess of false 
positives and of false negatives. 

20 The agar . diffusion method, for example using Mueller 
Hinton agar, is also used, which consists in depositing 
paper discs impregnated with antibiotics onto an agar 
seeded with the bacterium to be studied. An antibiotic 
concentration gradient is established in the agar, 

25 around each disc. After incubation, an inhibition halo 
occurs around each disc, which makes it possible to 
measure a diameter, which reflects the value of the MIC 
(minimum inhibitory concentration, minimum 

concentration for which no microorganism growth is 

30 detected) . 

The present invention relates to an agar culture medium 
for detecting meticillin-resistant microorganisms, and 
in particular Staphylococci, especially Staphylococcus 
35 aureus, with good sensitivity and good specificity. 

Thus, in the context of the present invention, use is 
made of the discriminating capacities of chromogenic 
media, in combination with the properties of 
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antibiotics .of the family of 2 nd : or 3 rd generation 
cephalosporins, which make, it possible to detect 
meticillin-resistant microorganisms . 

5 The invention therefore relates to a ■ medium for 
detecting meticillin-resistant microorganisms, 

comprising, besides nutrients for the growth of said 
microorganisms, at least one antibiotic, chosen from the 
group of second or third generation cephalosporins, and 
10 a chromogenic agent that releases a chromophore after 
hydrolysis "with an enzyme that is active in said 
microorganisms. 

The culture media according to the invention allow 
15 direct ' detection of the meticillin-resistant 
microorganisms, because of their growth on the medium 
according to the invention and of the presence of the 
chromogenic agent (s), making it possible to define the 
nature of the microorganism. There is therefore no need 
20 for an additional step to confirm the nature of the 
microorganisms growing on the medium according to the 
invention. 

The media according to the invention make it possible 
25 to detect meticillin-resistant bacteria using an 
.inoculum streaked on a dish, whereas the majority of 
the methods of the prior art use a deposit of 
approximately 10 4 to 10 5 bacteria on the agar. The media 
according to the invention can be used directly from a / 
30 sample from a patient, or after an enriching phase. 

The expression "second or third generation 
cephalosporin" is intended to denote the antibiotics of 
the cephalosporin family having a formula derived from 
35 formula (I) below: 
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in which R2 is an H group, an acetoxymethyl group, a 
methylthiotetrazol group, a dimethylaminoethylthio- 
tetrazol group, a triazine group, an acetaminopyridine 
(pyridinium) group, or a pyridinium group substituted 
with a carbamoyl group, a cyclopentopyridinium group or 
a thiomethylacetoxythiazol group, Rl is an amino-2- 
thiazole heterocycle, an a-piperazinedione or an 
a-sulfophenyl, and R4 is an H ..group- or an a-methoxy 
radical . 

In particular, the compounds having the formula below: 



in which R3 is an H group or an a-methoxyimino group, 
are intended to be denoted. 

In a particular case, the R4 group is a hydrogen. 

Cephamycins are compounds in which the R4 group is an 
a-methoxy radical, protecting the p-lactam ring' against 
hydrolysis by p-lactamases , and correspond to the 
formula below: 




OMe 




COOH 
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Oxacephems are compounds in which the sulfur atom of 
the cephem ring is replaced with an oxygen atom, and 
are considered to be derivatives of formula (I) given 
above . 



Rl — CONH- 



R4 

0 



0 



r i 



R2 
COOH 



In general,, for these compounds, the R4 group is an 
10 a-methoxy. 

A definition of the cephalosporins thus envisioned can 
be found in Binger (Mecanisme d' Action des Beta- 
lactamines, (de la structure bacterienne a la structure 

15 de la molecule) [Mechanism of action of beta-lactams 
(from bacterial structure to the .structure of the 
molecule], 1986, Roussel (Paris) publisher, chapter 
III, pages 47-62, and chapter IV, pages 63-68), and in 
the work by Richmond (Beta-lactam antibiotics (the 

20 background to their use as therapeutic aents.) , Hoechst 
Aktiengesellschaft, D-6230 Frankfurt (Main) 80 
publisher, 1981, chapter 3, pages 55-65) . 

In a secondary capacity, . it may be noted that second. 

25 generation cephalosporins exhibit a better effect than 
first generation cephalosporins against Gram-negative 
bacteria, and show better resistance to degradation by 
p-lactamases, third generation cephalosporins having an 
even broader effect spectrum with respect to Gram- 

30 negative bacteria. 

Among the second and third generation cephalosporins, 
mention may be made of: loracarbef , . cefaclor, 
cefuroxime, cefprozil, cefoxitin (cefoxitan) , 

35 cefamandole, cefotian, cefotetan, cefmetazole, 
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cef ocinide, 
cefotaxime, 
cefmenoxime, 
cefpirome, 
moxalactam, 



cef oranide, 
cef tizoxime, 
cef odizime, 
cef sulf onide, 



cefpodoxime, cef ixime, 
ceftriaxone, ceftazidime, 
cef opera zone, cef epime, 
cef etamete, cef tibutene, 



latamoxef and flomoxef, in particular in 
the form of salts (sodium salts) . Those skilled in the 
art can obtain lists of such compounds, in particular 
on the internet at the site www.biam2.org or 
www.fpnotebook.com. 



In a preferred 
cef amandole . 



embodiment, said antibiotic is 



In another embodiment, said antibiotic is chosen from 
15 the group . of cephamycins (cefoxitin, cefotetan, 
cefmetazole, cefbutperazone, cefminox) and of 
oxacephems (moxalactam, latamoxef or flomoxef) . 



In a preferred 
20 cefoxitin. 



embodiment, said antibiotic is 



In a preferred 
cefmetazole . 



embodiment, said antibiotic is 



25 In a preferred 
moxalactam. 



embodiment, said antibiotic is 



30 



35 



In a preferred 
cefotetan . 



embodiment, 



said antibiotic is 



The concentration of antibiotic in the medium according 
to the invention is preferably between 0.5 and 50 mg/1, 
preferably 1.5 and 30 mg/1, in particular 1.5 and 
15 mg/1. A few routine tests enable those skilled in 
the art to adjust this as a function of the MIC 
(minimum inhibitory concentration, minimum 

concentration for which no microorganism growth is 
detected) with respect to the microorganisms under 
consideration, for the antibiotic under consideration. 



t 
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It should be noted that, among the antibiotics capable 
of forming part of the composition of a medium of the 
invention, some are capable of conferring certain 
5 properties on said medium. For example, cefoxitin or 
cefmetazole confer a specific stability, of at least 2 
months, on said medium. 

For example, a stability of at least 2 months has been 
10 observed for a medium in accordance with the invention 
prepared with cefoxitin at a concentration of 5 mg/1, 
added to the medium when the latter is at a temperature 
of 48 °C. The stability of the medium in accordance with 
the invention has been brought to at least 5 months 
15 when said medium has been prepared with cefmetazole at 
a concentration of 2.5- mg/1, added to the medium when 
the latter is at a temperature of 48°C. 

The. expression "stability of the medium" is intended to 
20 denote the ability of the medium in accordance with the 
invention to allow the selective detection of 
. meticillin-resistant microorganisms, in . particular 
. staphylococcus aureus, for a given period of time, with 
the same reliability throughout the period of time. 

25 

It should also be noted that another cephalosporin, 
flomoxef, exhibits,, for its part, the ability to 
conserve its antibiotic activity when it is subjected 
to a temperature of greater than 100°C (its resistance 
30 having even been verified by the inventors at 121°C) . 

Such a property makes it possible to produce a medium 
in accordance with the invention in the form of a 
single powder, which considerably limits the 
35 manipulations that • have to be carried out under sterile 
conditions for the preparation of any culture medium. 
The flomoxef can therefore be incorporated into the 
medium being. prepared, before heating, which 
facilitates the preparation thereof. This advantage is 
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not insignificant since it is capable of facilitating 
the task of any individual having to prepare such 
media, whatever their experience in the field. 

5 In a preferred embodiment, said microorganisms are 
staphylococci, and a chromogenic agent chosen from the 
group consisting of 5-bromo-6-chloro-3-indoxyl 
phosphate and 5-bromo-4-chloro-3-indoxyl glucoside, as 
described in application WO 00/53799, is preferably 
10 used. 

S. aureus culture media are known and described in 
particular in the manual "Oxoid Unipath Limited", Wade 
Road, Basingstoke, Hampshire, RG24 OPW, England. It may 
15 for example be "Nutrient Agar Oxoid CM3", a medium 
essentially based on yeast extracts, on, peptone and on 
agar. 

In a preferred embodiment, said culture medium contains 
20 both 5-bromo-6~chloro-3-indoxyl phosphate and 5-bromo- 
4-chloro-3-indoxyl glucoside. 

The media according to the • present invention will 
preferably contain from 0.01 to 0.50 g/1, in particular 

25 from 0.05 to 0.40 g/1 of 5-bromo-6-chloro-3-indoxyl 
phosphate, preferably from 0.01 to 0.20 g/1 of 5-bromo- 
4-chloro-3-indoxyl glucoside, preferably from 0.01 to 
0.20 g/1 of 5-bromo-4-chloro-3-indoxyl galactoside, 
preferably from 0.01 to 0.20 g/1 of 5-bromo-4-chloro-3- 

30 indoxyl glucuronide. 

In a particular embodiment, the culture medium 
according to the invention also comprises at least one 
of the following two chromogenic agents: 5-bromo-4-- 
35 chloro-3-indoxyl galactoside and 5-bromo-4 -chloro-3- 
indoxyl glucuronide . 

In a particular embodiment, said medium also contains 
deferoxamine. Deferoxamine in fact makes it possible to 
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inhibit Staphylococcus epidermis without inhibiting 
Staphylococcus aureus, and the concentration used will 
preferably be between 0.01 and 0.10 g/1. 

5 In one embodiment, the medium according to the 
invention also contains a glycopeptide antibiotic 
chosen from the group consisting of vancomycin, 
teicoplanin and avoparcin, and mixtures thereof, in 
order to detect microorganisms resistant both to 
10 meticillin and to vancomycin. Approximately from 5 mg/1 
to 50 mg/1 of these antibiotics, more particularly from 
5 mg/1 to 30 mg/1, from 10 mg/1 to 30 mg/1, and 
approximately 25 mg/1, can be used. 

15 In the context of the present invention, the inventors 
have shown that it is not necessary to have a high 
osmotic load in the culture medium. Thus, unlike the 
media for detecting meticillin-resistant Staphylococcus 
aureus using oxacillin as antibiotic, to which sodium 

20 chloride is added, the culture medium of the invention 
is also functional with a sodium concentration of less 
than 3%, and equal to approximately 2-2.5%. The 
incubation conditions can be adjusted according to the 
' amount of sodium chloride in the medium (incubation 

25 time, higher or lower temperature, etc.). 

The invention also relates to the use of a medium 
according to the invention, for detecting meticillin- 
resistant microorganisms. 

30 

The invention also relates to a method of detecting 
meticillin-resistant microorganisms in a sample, 
comprising the steps consisting in: 

inoculating a medium according to the invention 
35 with said sample or an inoculum derived from said 
sample, 

incubating said medium under conditions that allow 
growth of said microorganisms, 

detecting, on said medium, the presence of said 
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meticillin-resistant microorganisms by virtue of the 
presence of colored colonies. 

The incubation conditions are known to those skilled in 
5 - the art, and an incubation at temperatures of between 
25°C and 42°C, preferably between 30°C and 38°C, is 
generally used. 

The incubation times are conventional (approximately 24 
10 hours) . 

According to the microorganism under consideration, it 
' is possible to use a shorter or longer incubation time, 
to work under aerobic or anaerobic conditions, etc. 

15 

The medium according to the invention makes it possible 
in particular to readily detect meticillin-resistant 
staphylococci, while reducing the analysis time. The 
combination of the antibiotics chosen in the context of 
20 the invention and of the chromogenic agents in fact 
makes it possible to reduce the number of false 
positives and of false negatives, and to thus reduce 
the need for carrying out supplementary analyses. 

2 5 EXAMPLES 
Example 1 

Composition of a medium according to the invention for 
detecting meticillin-resistant S. aureus: 

30 Peptone and yeast extract 40 g/1 

NaCl 25 g/1 

5-bromo-6-chloro-3-indoxyl phosphate 0.10 g/1 
5-bromo-4-chloro-3-indoxyl glucoside 0.05 g/1 
5-bromo-4-chloro-3-indoxyl galactoside 0.05 g/1 
35 5-bromo-4-chloro-3-indoxyl glucuronide 0.05 g/1 

Deferoxamine 0.050 g/1 
Agar 15 g/1 



Oxacillin (6 mg/ml) or cefoxitin (5 mg/1) are added to 



this medium, after autoclaving, before the medium is 
solid (when it is at a temperature of approximately 
45°C) . ~ 

This medium contains 5-bromo-6-chloro-3-indoxyl 
phosphate and 5-bromo-4-chloro-3-indoxyl glucoside, 
allowing the specific detection of Staphylococcus 
aureus (purple coloration of the colonies), and also 
5-bromo-4-chloro-3-indoxyl galactoside and 5-bromo-4- 
chloro-3-indoxyl glucuronide, in order to color the 
other microorganisms which may be present in the 
inoculum. 

Example 2 

Study of the growth of meticillin-resistant S. aureus 
strains on CHROMagar Staph aureus medium (available 
from the company CHROMagar, 4, Place du 18 Juin 1940, 
75006 Paris France) : 

AR4295 MetiS: meticillin-sensitive strain 
AR4297 MetiR: (homogeneous) meticillin-resistant strain 
MRhet: (heterogeneous) meticillin-resistant strain 
Z252: meticillin-resistant strain, homogeneous, low 
level of resistance 





AR42 95 
MetiS 


AR42 97 
MetiR 


MRhet 


Z252 


CHROMagar Staph -aureus 


+ 


+ 


+ 


+ 


CHROMagar Staph aureus 
+ oxacillin 6 mg/ml 




+ /-* 






CHROMagar Staph aureus 
+ Cefoxitin 5 mg/1 




+ 




+ 



+ = colony growth; - = no growth; * = microcolonies 



Petri dishes are inoculated with bacterial cultures by 
streaking the dishes, in order to observe the growth of 
isolated bacteria, after incubation at 37°C for 24 
hours . 

The bacteria that grow give purple colonies on the 



culture medium, confirming that the microorganisms are 
Staphylococcus aureus. 

•Thus, the medium according to the . invention makes it 
possible to directly detect " me'ticillin-resistant 
Staphylococcus aureus, including the heterogeneous 
strains or the strains with a low level of resistance, 
due to the combination of bacterial growth and of 
colony coloration. 



